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TITLE OF THE INVENTION 

METHOD OF AND APPARATUS FOR CORRECTING 
IMAGE ALIGNMENT ERRORS 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority of Korean Patent Application No. 2003-14476, filed 
on March 7, 2003, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] The present invention relates to image alignment in an ink-jet printer, and more 
particularly, to a method of and apparatus for automatically correcting image alignment errors by 
using a control value. 

Description of the Related Art 

[0003] In general, in an ink-jet printer, which prints an entire image by combining several 
images printed according to different printing modes, errors may occur in the image alignment 
when the image is printed. These errors cause low printing quality, and they are due to factors 
such as nonuniformity of traveling of an ink-jet cartridge and differences in the position of an ink- 
jet cartridge due to ink colors. In the related art, a plurality of test marks are provided such that 
a user can check in advance the alignment state of images to correct the errors. 

[0004] FIGs. 1 A and 1 B show a plurality of printed test marks for checking the image 
alignment errors and correcting the errors. In the related art, in order to correct the errors in the 
image alignment, a plurality of test marks are printed. The test marks are divided into test mark 
patterns for checking an alignment state on a horizontal axis, as shown in FIG. 1 A, and test 
mark patterns for checking an alignment state on a vertical axis, as shown in FIG. 1B. In 
general, several tens of test marks are provided to check an alignment state on the horizontal 
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axis or vertical axis. A user selects a test mark, an alignment state of which is the highest, from 
the plurality of printed test marks. Then, an ink-jet printer performs a correction operation of an 
image, which is the most suitable for image printing, using a correction value selected by the 
user. In the test mark patterns of FIG. 1 A, the alignment state of a test mark © is the highest, 
and in the test mark patterns of FIG. 1 B, the alignment state of a test mark ® is the highest. 
Thus, the user selects the test marks ® and (5) such that a correction operation is properly 
performed. 

[0005] However, in the related art, the user should check the plurality of test marks to detect 
the alignment state of the test marks. Since this operation is performed with the naked eye, it is 
time consuming and the user easily gets tired. Also, improper test marks may be selected by 
the user. In addition, even though the alignment state of the test marks is automatically 
measured, there may be a plurality of test marks improperly selected by the user. Thus, a large 
computational capacity is needed to measure the alignment state of the test marks. 

[0006] In addition, the ink-jet printer which automatically detects a pattern, an alignment state 
of which is the highest, from the plurality of test marks improperly selected by the user, cannot 
easily perform local correction when, due to the large area occupied by the plurality of test 
marks, a correction value frequently varies throughout a given area. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a method of correcting image alignment errors, by 
which errors in the image alignment are measured using only three test marks and image 
alignment errors are automatically corrected using the measured errors in the image alignment 
and a control value applied thereto. 

[0008] The present invention also provides an apparatus for correcting image alignment 
errors, by which errors in the image alignment are measured using only three test marks and 
image alignment errors are automatically corrected using the measured errors in the image 
alignment and a control value applied thereto. 

[0009] According to an aspect of the present invention, there is provided a method of 
correcting image alignment errors in an ink-jet printer which has a printhead and performs a 
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printing operation by ejecting ink from the printhead according to a variety of printing modes, the 
method includes printing a reference line, a first comparison line, and a second comparison line, 
calculating image alignment errors by measuring a distance between the reference line and the 
first comparison line and a distance between the reference line and the second comparison line, 
and calculating a predetermined control value for correcting the calculated image alignment 
errors. 

[0010] According to another aspect of the present invention, there is provided an apparatus 
for correcting image alignment errors in an ink-jet printer which has a printhead and performs a 
printing operation by ejecting ink from the printhead according to a variety of printing modes, the 
apparatus includes a printing instruction unit, to instruct a printing unit to print a first reference 
line, a first comparison line, and a second comparison line and outputs an instruction result as 
an instruction signal, the printing unit, which prints the reference line, the first comparison line, 
and the second comparison line in response to the instruction signal, an alignment error 
calculation unit, which calculates alignment errors by measuring a distance between the 
reference line and the first comparison line and a distance between the reference line and the 
second comparison line, and a control value calculation unit, which calculates a predetermined 
control value for correcting the calculated image alignment errors. 

[0011] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the embodiments taken in 
conjunction with the accompanying drawings in which: 

FIGs. 1A andlB show conventional embodiments in which a plurality of test marks for 
checking the image alignment errors and correcting the errors are printed; 

FIG. 2 is a flowchart illustrating a method of correcting image alignment errors according 
to an embodiment of the present invention; 

FIG. 3 is a flowchart illustrating operation 10 shown in FIG. 2, according to an 
embodiment of the present invention; 
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FIG. 4 illustrates a state where a vertical reference line, a first vertical comparison line, 
and a second vertical comparison line are printed, shown in FIG. 3, according to the present 
invention; 

FIG. 5 is a flowchart illustrating operation 10 shown in FIG. 2, according to an 
embodiment of the present invention; 

FIG. 6 illustrates a state where a horizontal reference line, a first horizontal comparison 
line, and a second horizontal comparison line are printed, shown in FIG. 5, according to the 
present invention; 

FIG. 7 is a flowchart illustrating operation 12 shown in FIG. 2, according to an 
embodiment of the present invention; 

FIG. 8 is a flowchart illustrating operation 40 shown in FIG. 7, according to an 
embodiment of the present invention; 

FIG. 9 is a flowchart illustrating operation 12 shown in FIG. 2, according to another 
embodiment of the present invention; 

FIG. 10 is a flowchart illustrating operation 60 shown in FIG. 9, according to an 
embodiment of the present invention; 

FIG. 11 is a flowchart illustrating operation 14 shown in FIG. 2, according to an 
embodiment of the present invention; 

FIG. 12 is a flowchart illustrating operation 14 shown in FIG. 2, according to another 
embodiment of the present invention; 

FIG. 13 is a block diagram illustrating a structure of an apparatus for correcting image 
alignment errors according to an embodiment of the present invention; 

FIG. 14 is a block diagram illustrating a printing instruction unit shown in FIG. 13, 
according to an embodiment of the present invention; 

FIG. 15 is a block diagram illustrating an alignment error calculation unit shown in FIG. 
13, according to an embodiment of the present invention; 

FIG. 16 is a block diagram illustrating an actual distance measurement portion shown in 
FIG. 15, according to an embodiment of the present invention; and 

FIG. 17 is a block diagram illustrating a control value calculation unit shown in FIG. 13, 
according to an embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0013] Reference will now be made in detail to the embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below to 
explain the present invention by referring to the figures. 

[0014] FIG. 2 is a flowchart illustrating a method of correcting image alignment errors 
according to an embodiment of the present invention. The method of correcting image 
alignment errors comprises operations 10 through 14 of calculating a predetermined control 
value for correcting image alignment errors from a printed reference line and first and second 
comparison lines. 

[0015] In operation 10, the reference line, the first comparison line, and the second 
comparison lines are printed. 

[0016] FIG. 3 is a flowchart illustrating operation 10 shown in FIG. 2, according to an 
embodiment 10A of the present invention. The embodiment 10A includes operations 20 
through 24 of printing a vertical reference line, a first vertical comparison line, and a second 
vertical comparison line at a first position, a second position, and a third position on a sheet of 
paper, respectively. 

[0017] FIG. 4 illustrates a state where the vertical reference line, the first vertical comparison 
line, and the second vertical comparison line are printed, based on the flowchart of FIG. 3. 

[0018] In operation 20, the vertical reference line is printed at a first position on a sheet of 
paper by a first control value used to control ink ejection according to a first printing mode. The 
first printing mode belongs to one printing mode of a variety of printing modes. The variety of 
printing modes includes modes regarding a moving speed of a printhead, a moving direction of 
the printhead, and ink colors. The first control value is used to control ink ejection of an ink-jet 
printer, such as a starting point of the printhead, an ink dropping time or selection of nozzles of 
the printhead. The vertical reference line is a line printed to check an alignment state on a 
horizontal axis and a reference for vertical comparison lines which will be described later. The 
first position corresponds to an arbitrary position on the sheet of paper. The vertical reference 
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line is printed at the first position on the sheet paper by controlling the first control value. (D of 
FIG. 4 indicates a state in which the vertical reference line is printed. 

[0019] After operation 20, in operation 22, the first vertical comparison line is printed at the 
second position on the sheet of paper separated from the vertical reference line printed at the 
first position by a first predetermined distance that is virtually set, by a second control value 
used to control ink ejection according to a second printing mode. The second printing mode 
also belongs to one printing mode of the variety of printing modes. Like the first control value, 
the second control value is also used to control ink ejection of an ink-jet printer, such as a 
starting point of the printhead, an ink dropping time or selection of nozzles of the printhead. The 
first predetermined distance refers to a virtual distance from the vertical reference line assuming 
that there are no image alignment errors of the ink-jet printer. The second position is separated 
from the vertical reference line by the first predetermined distance. The first vertical comparison 
line is printed at the second position of the sheet of paper by controlling the second control 
value. The first vertical comparison line is a line printed to check an alignment state on a 
horizontal axis and is used to compare the above-described vertical reference line with a 
separated distance. When the first predetermined distance is L lf (2) of FIG. 4 indicates a state 
where the first vertical comparison line, separated from the vertical reference line by L lf is 
printed. 

[0020] The first vertical comparison line may be printed in the same direction as the direction 
of the above-described vertical reference line but may be printed in a direction opposite to the 
direction of the vertical reference line. In other words, if the vertical reference line is printed 
when the printhead is moved from left to right, the first vertical comparison line may be printed 
when the printhead is moved from left to right or from right to left. 

[0021] After operation 22, in operation 24, the second vertical comparison line is printed at 
the third position on the sheet of paper separated from the vertical reference line printed at the 
first position by a second predetermined distance that is virtually set, by a third control value 
used to control ink ejection according to a second printing mode. Like the first control value, the 
third control value is also used to control ink ejection of an ink-jet printer, such as a starting point 
of the printhead, an ink dropping time or selection of nozzles of the printhead. The second 
predetermined distance refers to a virtual distance from the vertical reference line assuming that 
there are no image alignment errors of the ink-jet printer. The third position is separated from 
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the vertical reference line by the second predetermined distance. The second vertical 
comparison line is printed at the third position of the sheet of paper by controlling the third 
control value. The second vertical comparison line is a line printed to check an alignment state 
on a horizontal axis and is used to compare the above-described vertical reference line with a 
separated distance. When the second predetermined distance is L 2 , (3) of FIG. 4 indicates a 
state where the second vertical comparison line, separated from the vertical reference line by 
L 2 , is printed. 

[0022] The second vertical comparison line may be printed in the same direction as the 
direction of the above-described vertical reference line but may be printed in a direction 
opposite to the direction of the vertical reference line. In other words, if the vertical reference 
line is printed when the printhead is moved from left to right, the second vertical comparison line 
may be printed when the printhead is moved from left to right or from right to left. 

[0023] Meanwhile, the first vertical comparison line and the second vertical comparison line 
may be printed on the left or right side of the vertical reference line or may be printed on both 
left and right sides of the vertical reference line. 

[0024] FIG. 5 is a flowchart illustrating operation 10 shown in FIG. 2, according to an 
embodiment 10B of the present invention. The embodiment 10B includes operations 30 
through 34 of printing a horizontal reference line, a first horizontal comparison line, and a 
second horizontal comparison line at a fourth position, a fifth position, and a sixth position on a 
sheet of paper, respectively. 

[0025] FIG. 6 illustrates a state where the horizontal reference line, the first horizontal 
comparison line, and the second horizontal comparison line are printed, based on the flowchart 
shown in FIG. 5. 

[0026] First, in operation 30, the horizontal reference line is printed at a fourth position of a 
sheet of paper by a fourth control value used to control ink ejection according to a third printing 
mode. The third printing mode also belongs to one printing mode of a variety of printing modes. 
The fourth control value is used to control ink ejection of an ink-jet printer, such as a starting 
point of the printhead, an ink dropping time or selection of nozzles of the printhead. The 
horizontal reference line is a line printed to check an alignment state on a vertical axis and a 
reference for horizontal comparison lines which will be described later. The fourth position 



7 



Docket No.: 1793.1149 



corresponds to an arbitrary position on the sheet of paper. The horizontal reference line is 
printed at the fourth position of the sheet of paper by controlling the fourth control value. ® of 
FIG. 6 indicates a state in which the horizontal reference line is printed. 

[0027] After operation 30, in operation 32, the first horizontal comparison line is printed at the 
fifth position on the sheet of paper separated from the horizontal reference line printed at the 
fourth position by a third predetermined distance that is virtually set, by a fifth control value used 
to control ink ejection according to a fourth printing mode. The fourth printing mode also 
belongs to one printing mode of the variety of printing modes. Like the fourth control value, the 
fifth control value is also used to control ink ejection of an ink-jet printer, such as a starting point 
of the printhead, an ink dropping time or selection of nozzles of the printhead. The third 
predetermined distance refers to a virtual distance from the horizontal reference line assuming 
that there are no image alignment errors of the ink-jet printer The fifth position is separated 
from the horizontal reference line by the third predetermined distance. The first horizontal 
comparison line is printed at the fifth position of the sheet of paper by controlling the fifth control 
value. The first horizontal comparison line is a line printed to check an alignment state on a 
vertical axis and is used to compare the above-described horizontal reference line with a 
separated distance. When the third predetermined distance is L 3 , © of FIG. 6 indicates a state 
where the first horizontal comparison line, separated from the horizontal reference line by L 3 , is 
printed. 

[0028] The first horizontal comparison line may be printed in the same direction as the 
direction of the above-described horizontal reference line but may be printed in a direction 
opposite to the direction of the horizontal reference line. Thus, by arranging a printhead for 
printing the horizontal reference line and a printhead for printing the first horizontal comparison 
line separately, an effect on alignment errors on a vertical axis of different printheads can be 
seen. 

[0029] After operation 32, in operation 34, the second horizontal comparison line is printed at 
the sixth position on the sheet of paper separated from the horizontal reference line printed at 
the fourth position by a fourth predetermined distance that is virtually set, by a sixth control 
value used to control ink ejection according to a fourth printing mode. Like the fourth control 
value, the sixth control value is also used to control ink ejection of an ink-jet printer, such as a 
starting point of the printhead, an ink dropping time or selection of nozzles of the printhead. The 
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fourth predetermined distance refers to a virtual distance from the vertical reference line 
assuming that there are no image alignment errors of the ink-jet printer. The sixth position is 
separated from the horizontal reference line by the fourth predetermined distance. The second 
horizontal comparison line is printed at the third position of the sheet of paper by controlling the 
sixth control value. The second horizontal comparison line is a line printed to check an 
alignment state on a vertical axis and is used to compare the above-described horizontal 
reference line with a separated distance. When the fourth predetermined distance is L 4> (3) of 
FIG. 6 indicates a state where the second horizontal comparison line, separated from the 
horizontal reference line by L 4 , is printed. 

[0030] The second horizontal comparison line may be printed in the same direction as the 
direction of the above-described horizontal reference line but may be printed in a direction 
opposite to the direction of the horizontal reference line. Thus, by arranging a printhead for 
printing the horizontal reference line and a printhead for printing the first horizontal comparison 
line separately, an effect on alignment errors on a vertical axis of different printheads can be 
seen. 

[0031] Meanwhile, the first horizontal comparison line and the second horizontal comparison 
line may be printed on a top or bottom of the horizontal reference line or may be printed on both 
the top and bottom of the horizontal reference line. 

[0032] After operation 10, in operation 12, image alignment errors are calculated by 
measuring a distance between the reference line and the first comparison line and a distance 
between the reference line and the second comparison line. 

[0033] FIG. 7 is a flowchart illustrating operation 12 shown in FIG. 2, according to an 
embodiment 12A of the present invention. The embodiment 12A includes operations 40 and 42 
of obtaining first and second alignment errors on a horizontal axis using measured first and 
second actual distances. 

[0034] First, in operation 40, a first actual distance between a vertical reference line and a 
first vertical comparison line and a second actual distance between the vertical reference line 
and a second vertical comparison line are measured. In FIG. 4, di and d 2 correspond to the first 
actual distance and the second actual distance. 
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[0035] FIG. 8 is a flowchart illustrating operation 40 shown in FIG. 7, according to an 
embodiment 40A of the present invention. The embodiment 40A includes operations 50 and 52 
of detecting times where the first vertical comparison line and the second vertical comparison 
line are sensed, and calculating the first actual distance and the second actual distance by 
multiplying a time difference between the detected times by a moving speed on a horizontal axis 
of a printhead. 

[0036] First, in operation 50, the vertical reference line, the first vertical comparison line, and 
the second vertical comparison line are sensed, and corresponding sensing times are detected. 
For example, as shown in FIG. 4, the first printed vertical comparison line is sensed and a time 
t 1t when the first vertical comparison line is sensed is detected, the printed vertical reference line 
is sensed and a time t 2 , when the vertical reference line is sensed is detected and the second 
printed vertical comparison line is sensed and a time t 3 , where the second vertical comparison 
line is sensed is detected. 

[0037] After operation 50, in operation 52, the first actual distance is calculated by multiplying 
a time difference between the time when the sensed vertical reference line is detected and the 
time when the first sensed vertical comparison line is detected, by a moving speed on a 
horizontal axis of a printhead, or the second actual distance is calculated by multiplying a time 
difference between the time when the sensed vertical reference line is detected and the time 
when the second sensed vertical comparison line is detected, by the moving speed on the 
horizontal axis of the printhead. Thus, if a time difference between the time t 2 when the vertical 
reference line is detected and the time U when the first vertical comparison line is detected is 
multiplied by the moving speed on the horizontal axis of the printhead for printing the first 
vertical comparison line, the first actual distance which corresponds to an actual distance 
between the vertical reference line and the first vertical comparison line, can be calculated. In 
addition, if a time difference between the time t 2 when the vertical reference line is detected and 
the time t 3 when the second vertical comparison line is detected is multiplied by the moving 
speed on the horizontal axis of the printhead for printing the second vertical comparison line, the 
second actual distance which corresponds to an actual distance between the vertical reference 
line and the second vertical comparison line, can be calculated. 

[0038] After operation 40, in operation 42 of FIG. 7, first alignment errors on a horizontal axis 
are obtained by subtracting a first predetermined distance from the first actual distance, and 
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second alignment errors on the horizontal axis are obtained by subtracting a second 
predetermined distance from the second actual distance. For example, assuming that is first 
alignment errors on a horizontal axis, 6, is a first actual distance and U is a first predetermined 
distance, the first alignment errors on the horizontal axis can be obtained by Equation 1. 

y x =d x -L x . . . (1) 

[0039] In addition, assuming that y 2 is second alignment errors on a horizontal axis, d 2 is a 
second actual distance and L 2 is a second predetermined distance, the second alignment errors 
on the horizontal axis can be obtained by Equation 2. 

y 2 =d 2 -L 2 . . . (2) 

[0040] If there are no image alignment errors, an actual distance between the vertical 
reference line and the first vertical comparison line should be the first predetermined distance, 
and an actual distance between the vertical reference line and the second vertical comparison 
line should be the second predetermined distance. However, as described in the background, 
due to factors such as nonuniformity of traveling of an ink-jet cartridge and difference in the 
position of an ink-jet cartridge due to ink colors, errors occur in the image alignment. Thus, by 
subtracting the first predetermined distance from the first actual distance, the first alignment 
errors on the horizontal axis can be obtained. In addition, by subtracting the second 
predetermined distance from the second actual distance, the second alignment errors on the 
horizontal axis can be obtained. 

[0041] FIG. 9 is a flowchart illustrating operation 12 shown in FIG. 2, according to another 
embodiment 12B of the present invention. The embodiment 12B includes operations 60 and 62 
of obtaining first and second alignment errors on a vertical axis using measured third and fourth 
actual distances. 

[0042] First, in operation 60, a third actual distance between a horizontal reference line and a 
first horizontal comparison line and a fourth actual distance between the horizontal reference 
line and a second horizontal comparison line are measured. In FIG. 6, d 3 and d 4 correspond to 
the first actual distance and the second actual distance. 
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[0043] FIG. 10 is a flowchart illustrating operation 60 shown in FIG. 9, according to an 
embodiment 60A of the present invention. The embodiment 60A includes operations 70 and 72 
of detecting times when the first horizontal comparison line and the second horizontal 
comparison line are sensed, and calculating the third actual distance and the fourth actual 
distance by multiplying a time difference between the detected times by a moving speed on a 
vertical axis of a printhead. 

[0044] First, in operation 70, the horizontal reference line, the first horizontal comparison line, 
and the second horizontal comparison line are sensed, and the sensing times are detected. For 
example, as shown in FIG. 6, the first printed horizontal comparison line is sensed and a time U 
when the first horizontal comparison line is sensed is detected, the printed horizontal reference 
line is sensed and a time t 5 when the horizontal reference line is sensed is detected, the second 
printed horizontal comparison line is sensed and a time t 6 when the second horizontal 
comparison line is sensed is detected. 

[0045] After operation 70, in operation 72, the third actual distance is calculated by 
multiplying a time difference between the time when the sensed horizontal reference line is 
detected and the time when the first sensed horizontal comparison line is detected, by a moving 
speed on a vertical axis of a printhead, or the second actual distance is calculated by multiplying 
a time difference between the time when the sensed horizontal reference line is detected and 
the time when the second sensed horizontal comparison line is detected, by the moving speed 
on the vertical axis of the printhead. If a time difference between the time t 5 , when the 
horizontal reference line is detected, and the time t*, when the first horizontal comparison line is 
detected, is multiplied by the moving speed on the vertical axis of the printhead printing the first 
horizontal comparison line, the third actual distance which corresponds to an actual distance 
between the horizontal reference line and the first horizontal comparison line, can be calculated. 
In addition, if a time difference between the time t 5 , when the horizontal reference line is 
detected, and the time te, when the second horizontal comparison line is detected, is multiplied 
by the moving speed on the vertical axis of the printhead printing the second horizontal 
comparison line, the fourth actual distance which corresponds to an actual distance between the 
horizontal reference line and the second horizontal comparison line, can be calculated. 

[0046] After operation 60, in operation 62, first alignment errors on a vertical axis are 
obtained by subtracting a third predetermined distance from the third actual distance, and 
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second alignment errors on the vertical axis are obtained by subtracting a fourth predetermined 
distance from the fourth actual distance. For example, assuming that y 3 is first alignment error 
on a vertical axis, d 3 is a third actual distance and L 3 is a third predetermined distance, the first 
alignment error on the vertical axis can be obtained by Equation 3. 

y^d 2 -L 3 . . . (3) 

[0047] In addition, assuming that y 4 is a second alignment error on a vertical axis, d 4 is a 
fourth actual distance and L 4 is a fourth predetermined distance, the second alignment error on 
the vertical axis can be obtained by Equation 4. 

y<=d 4 -L 4 ... (4) 

[0048] If there are no image alignment errors, an actual distance between the horizontal 
reference line and the first horizontal comparison line should be the third predetermined 
distance, and an actual distance between the horizontal reference line and the second 
horizontal comparison line should be the fourth predetermined distance. However, due to the 
above-described reasons, errors occur in the image alignment. Thus, by subtracting the third 
predetermined distance from the third actual distance, the first alignment error on the vertical 
axis can be obtained. In addition, by subtracting the fourth predetermined distance from the 
fourth actual distance, the second alignment error on the vertical axis can be obtained. 

[0049] After operation 12, in operation 14 of FIG. 2, a predetermined control value used to 
correct the calculated image alignment errors is calculated. The predetermined control value is 
used to control ink ejection of an ink-jet printer, such as a starting point of the printhead, an ink 
dropping time or selection of nozzles of the printhead. 

[0050] FIG. 11 is a flowchart illustrating operation 14 shown in FIG. 2, according to an 
embodiment 14A of the present invention. The embodiment 14A includes operations 80 and 82 
of obtaining a predetermined control value from a first straight line equation. 

[0051] First, in operation 80, the first straight line equation in which a second control value 
and first alignment error on a horizontal axis are used as a first coordinate value (second control 
value, first alignment error on the horizontal axis) and a third control value and second 
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alignment error on the horizontal axis are used as a second coordinate value (third control 
value, second alignment error on the horizontal axis) is obtained. 

[0052] For example, assuming that the second control value is Xi, the first alignment error on 
the horizontal axis is y 1f the third control value is x 2 and the second alignment error on the 
horizontal axis is y 2 , the first straight line equation can be obtained by Equation 5. 

y = (y2-y^'-^)Kx 2 -x ] ) + y x =(y 2 -y,)(x-x 2 )/(x 2 -x ] )^y 2 ... (5) 

where x is a predetermined control value, and y are alignment errors on a horizontal axis ■ 
according to a variation of x. 

[0053] Each coordinate of the first coordinate value (x^) includes the second control value 
and the first alignment error on the horizontal axis, and each coordinate of the second 
coordinate value (x 2 ,y 2 ) includes the third control value and the second alignment error on the 
horizontal axis. In other words, the first straight line equation is a straight line equation which 
connects the first coordinate value (x^) and the second coordinate value (x 2 ,y 2 ) indicating two 
points. 

[0054] After operation 80, in operation 82, a predetermined control value to correct image 
alignment errors on a horizontal axis by controlling ink ejection is obtained from the first straight 
line equation. 

[0055] For example, when y equals 0 so that the alignment errors on the horizontal axis do 
not occur, x corresponding to the predetermined control value from the above-described 
Equation 5 can be obtained by Equation 6. 

x = (x l xy 2 -x 2 xy l )/(y 2 -y l ) ... (6) 

In other words, x corresponding to no alignment errors on the horizontal axis (y=0) becomes a 
predetermined control value for correcting alignment errors on the horizontal axis. Specifically, 
the predetermined control value can be used to control ink ejection by adjusting a starting point 
of a printhead, an ink dropping time or selection of nozzles of the printhead. 
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[0056] FIG. 12 is a flowchart illustrating operation 14 shown in FIG. 2, according to another 
embodiment 14B of the present invention. The embodiment 14B includes operations 90 and 92 
of obtaining a predetermined control value from a second straight line equation. 

[0057] First, in operation 90, the second straight line equation in which a fifth control value 
and first alignment error on a vertical axis are used as a third coordinate value (fifth control 
value, first alignment error on the vertical axis) and a sixth control value and second alignment 
error on the vertical axis are used as a fourth coordinate value (sixth control value, second 
alignment error on the vertical axis) is obtained. 

[0058] For example, assuming that the fifth control value is x 3 , the first alignment error on the 
vertical axis is y 3 , the sixth control value is X4 and the second alignment error on the vertical axis 
is y 4 , the second straight line equation can be obtained by Equation 7. 

y = (yA-y3)( x - x 3) / (x 4 -x 2 )^y,=(y 4 -y $ )(x-x 4 )/(x A -x 3 ) + y 4 . . (7) 

where x is a predetermined control value for controlling the movement of the printhead, and y 
are alignment errors on a vertical axis according to a variation of x. 

[0059] Each coordinate of the first coordinate value (x 3 ,y 3 ) includes the fifth control value and 
the first alignment error on the vertical axis, and each coordinate of the fourth coordinate value 
(X4,y 4 ) includes the sixth control value and the second alignment error on the vertical axis. In 
other words, the second straight line equation is a straight line equation which connects the third 
coordinate value (x 3 ,y 3 ) and the fourth coordinate value (X4,y 4 ) indicating two points. 

[0060] After operation 90, in operation 92, a predetermined control value to correct image 
alignment errors on a vertical axis by controlling ink ejection is obtained from the second straight 
line equation. 

[0061] For example, when y equals 0 so that the alignment errors on the vertical axis do not 
occur, x corresponding to the predetermined control value from the above-described Equation 7 
can be obtained by Equation 8. 
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In other words, x corresponding to no alignment errors on the vertical axis becomes a 
predetermined control value for correcting alignment errors on the vertical axis. Specifically, the 
predetermined control value x can be used to control ink ejection by adjusting a starting point of 
a printhead, an ink dropping time or selection of nozzles of the printhead. 

[0062] Hereinafter, an apparatus to correct image alignment errors according to the present 
invention will be described with reference to the accompanying drawings. 

[0063] FIG. 13 is a block diagram illustrating a structure of an apparatus for correcting image 
alignment errors. The apparatus to correct image alignment errors includes a printing 
instruction unit 100, a printing unit 120, an alignment error calculation unit 140, and a control 
value calculation unit 160. 

[0064] The printing instruction unit 100 instructs the printing unit 120 to print a first reference 
line, a first comparison line, and a second comparison line and outputs an instruction result as 
an instruction signal. The printing instruction unit 100 instructs the printing unit 120 to print the 
reference line, the first comparison line, and the second comparison line in response to a control 
value for correcting alignment errors in an image input through an input terminal IN1 and 
outputs an instruction result as an instruction signal to the printing unit 120. 

[0065] FIG. 14 is a block diagram illustrating the printing instruction unit 100 shown in FIG. 
13, according to an embodiment 100A of the present invention. Referring to FIG. 14, the 
printing instruction unit 100A includes a reference line printing instruction portion 200, a first 
comparison line printing instruction portion 220, and a second comparison line printing 
instruction portion 240. 

[0066] The reference line printing instruction portion 200 instructs the printing unit 120 to print 
a vertical reference line at a first position on a sheet of paper in response to a first control value 
used to control ink ejection according to a first printing mode, or instructs the printing unit 120 to 
print a horizontal reference line at a fourth position on the sheet of paper in response to a fourth 
control value used to control ink ejection according to a third printing mode and outputs an 
instruction result as a reference line printing instruction signal. The reference line printing 
instruction portion 200 instructs the printing unit 120 to print the vertical reference line at the first 
position on the sheet of paper in response to the first control value input through an input 
terminal IN2 and outputs an instruction result as a reference line printing instruction signal 
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through an output terminal OUT2 to the printing unit 120. In addition, the reference line printing 
instruction portion 200 instructs the printing unit 120 to print the horizontal reference line at the 
fourth position on the sheet of paper in response to the fourth control value input through an 
input terminal IN3 and outputs an instruction result as a reference line printing instruction signal 
to the printing unit 120 through the output terminal OUT2. 

[0067] The first comparison line printing instruction portion 220 instructs the printing unit 120 
to print a first vertical comparison line at a second position on the sheet of paper separated from 
the vertical reference line printed at the first position by a first predetermined distance that is 
virtually set, in response to a second control value used to control ink ejection according to a 
second printing mode, or instructs the printing unit 120 to print a first horizontal comparison line 
at a fifth position of the sheet of paper separated from the horizontal reference line printed at the 
fourth position by a third predetermined distance that is virtually set, in response to a fifth control 
value used to control ink ejection according to a fourth printing mode and outputs an instruction 
result to the printing unit 120 as a first comparison line printing instruction signal. 

[0068] The first comparison line printing instruction portion 220 instructs the printing unit 120 
to print the first vertical comparison line at the second position on the sheet of paper in response 
to the second control value input through an input terminal IN4 and outputs an instruction result 
as a first comparison line printing instruction signal to the printing unit 120 through an output 
terminal OUT3. The second position is separated from the vertical reference line by the first 
predetermined distance. The first predetermined distance refers to a virtual distance from the 
vertical reference line assuming that there are no image alignment errors of the ink-jet printer. 
In addition, the first comparison line printing instruction portion 220 instructs the printing unit 120 
to print the first horizontal comparison line at the fifth position of the sheet of paper in response 
to the fifth control value input through an input terminal IN5 and outputs an instruction result as 
the first comparison line printing instruction signal to the printing unit 120 through the output 
terminal OUT3. The fifth position is separated from the horizontal reference line by a third 
predetermined distance. The third predetermined distance L 3 refers to a virtual distance from the 
horizontal reference line assuming that there are no image alignment errors of the ink-jet printer. 

[0069] The first comparison line printing instruction portion 220 instructs the printing unit 120 
to print the first vertical comparison line in the same direction as or in a direction opposite to the 
direction of the vertical reference line, or instructs the printing unit 120 to print the first horizontal 
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comparison line using a different printhead from a printhead used to print the horizontal 
reference line. 

[0070] The second comparison line printing instruction portion 240 instructs the printing unit 
120 to print a second vertical comparison line at the third position of the sheet of paper 
separated from the vertical reference line printed at the first position by a second predetermined 
distance that is virtually set, in response to the third control value used to control ink ejection 
according to a second printing mode, or instructs the printing unit 120 to print a second 
horizontal comparison line at a sixth position on the sheet of paper separated from the 
horizontal reference line printed at the fourth position by a fourth predetermined distance that is 
virtually set, in response to a sixth control value used to control ink ejection according to a fourth 
printing mode and outputs an instruction result as a second comparison line printing instruction 
signal. 

[0071] The second comparison line printing instruction portion 240 instructs the printing unit 
120 to print the second vertical comparison line at the third position on the sheet of paper in 
response to the third control value input through an input terminal IN6 and outputs an instruction 
result as a second comparison line printing instruction signal to the printing unit 120 through an 
output terminal OUT4. The third position is separated from the vertical reference line by the 
second predetermined distance. The second predetermined distance L 2 refers to a virtual 
distance from the vertical reference line assuming that there are no image alignment errors of 
the ink-jet printer. In addition, the second comparison line printing instruction portion 240 
instructs the printing unit 120 to print the second horizontal comparison line at the sixth position 
on the sheet of paper in response to the sixth control value input through an input terminal IN7 
and outputs an instruction result as the second comparison line printing instruction signal to the 
printing unit 120 through the output terminal OUT4. The sixth position is separated from the 
horizontal reference line by a fourth predetermined distance. The fourth predetermined distance 
refers to a virtual distance from the horizontal reference line assuming that there are no image 
alignment errors of the ink-jet printer. 

[0072] The second comparison line printing instruction portion 240 instructs the printing unit 
120 to print the second vertical comparison line in the same direction as or in a direction 
opposite to the direction of the vertical reference line, or instructs the printing unit 120 to print 
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the second horizontal comparison line using a different printhead from a printhead used to print 
the horizontal reference line. 

[0073] Meanwhile, the first comparison line printing instruction portion 220 and the second 
comparison line printing instruction portion 240 instruct the printing unit 120 to print the first 
vertical comparison line and the second vertical comparison line together on a left or right side 
of the vertical reference line or on both left and right sides of the vertical reference line. In 
addition, the first comparison line printing instruction portion 220 and the second comparison 
line printing instruction portion 240 instruct the printing unit 120 to print the first horizontal 
comparison line and the second horizontal comparison line together on an upper or a lower side 
of the horizontal reference line or on both upper and lower sides of the horizontal reference line. 

[0074] The printing unit 120 prints the reference line, the first comparison line, and the 
second comparison line in response to an instruction signal input by the printing instruction unit 
100 and outputs a printing result. For example, the printing unit 120 receives a reference line 
printing instruction signal used to print the horizontal reference line or the vertical reference line, 
from the reference line printing instruction portion 200 and prints the horizontal reference line or 
the vertical reference line. In addition, the printing unit 120 receives a first comparison line 
printing instruction signal used to print the first vertical comparison line or the first horizontal 
comparison line, from the first comparison line printing instruction portion 220 and prints the first 
vertical comparison line or the first horizontal comparison line. In addition, the printing unit 120 
receives a second comparison line printing instruction signal used to print the second vertical 
comparison line or the second horizontal comparison line, from the second comparison line 
printing instruction portion 240 and prints the second vertical comparison line or the second 
horizontal comparison line. 

[0075] The alignment error calculation unit 140 calculates alignment errors by measuring a 
distance between the reference line and the first comparison line and a distance between the 
reference line and the second comparison line in response to a printing result input by the 
printing unit 120. 

[0076] FIG. 15 is a block diagram illustrating the alignment error calculation unit shown in 
FIG. 13, according to an embodiment 140A of the present invention. The alignment error 
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calculation unit 140A includes an actual distance measurement portion 300 and an error 
detection portion 320. 

[0077] The actual distance measurement portion 300 measures a first actual distance 
between the vertical reference line and the first vertical comparison line and a second actual 
distance between the vertical reference line and the second vertical comparison line, or 
measures a third actual distance between the horizontal reference line and the first horizontal 
comparison line and a fourth actual distance between the horizontal reference line and the 
fourth horizontal comparison line and outputs a measuring result as an actual distance 
measuring signal. 

[0078] The actual distance measurement portion 300 measures the first actual distance 
between the vertical reference line and the first vertical comparison line and the second actual 
distance between the vertical reference line and the second vertical comparison line, or 
measures the third actual distance between the horizontal reference line and the first horizontal 
comparison line and the fourth actual distance between the horizontal reference line and the 
second horizontal comparison line in response to a printing result input by the printing unit 120 
through an input terminal IN8 and outputs a measuring result to the error detection portion 320. 

[0079] FIG. 16 is a block diagram illustrating the actual distance measurement portion 300 
shown in FIG. 15, according to an embodiment 300A of the present invention. The actual 
distance measurement portion 300A includes an image sensing part 400, an image sensed time 
detection part 410, a moving speed detection part 420, and a distance calculation part 430. 

[0080] The image sensing part 400 senses a vertical reference line, a first vertical 
comparison line, a second vertical comparison line, a horizontal reference line, a first horizontal 
comparison line, and a second horizontal comparison line and outputs a sensing result. The 
image sensing part 400 senses the vertical reference line, the first vertical comparison line, and 
the second vertical comparison line, or senses the horizontal reference line, the first horizontal 
comparison line, and the second horizontal comparison line in response to a printing result input 
by the printing unit 120 through an input terminal IN9 and outputs a sensing result to the image 
sensed time detection part 410. 

[0081] The image sensed time detection part 410 detects sensing times of the sensing result 
of the image sensing part 400 and outputs detected times. The image sensed time detection 
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part 410 receives a reference clock signal generated by a reference clock generation unit (not 
shown), detects a time when the vertical reference line, the first vertical comparison line, and 
the second vertical comparison, or the horizontal reference line, the first horizontal comparison 
line, and the second horizontal comparison line are sensed by the image sensing part 400. The 
image sensed time detection part 410 outputs each detected sensing time to the distance 
calculation part 430. For example, the image sensed time detection part 410 detects a time U 
when the first vertical comparison line is sensed, a time t 2 when the vertical reference line is 
sensed, and a time t 3 when the second vertical comparison line is sensed, and outputs each 
detected sensing time to the distance calculation part 430, or detects a time U when the first 
horizontal comparison line is sensed, a time t 5 when the horizontal reference line is sensed, and 
a time te when the second horizontal comparison line is sensed, and outputs each detected 
sensing time to the distance calculation part 430. 

[0082] The moving speed detection part 420 detects a moving speed on a horizontal axis or 
a vertical axis of the printhead and outputs the detected moving speed. The moving speed 
detection part 420 detects the moving speed on the horizontal axis or the vertical axis of the 
printhead input through an input terminal IN10 and outputs the detected moving speed on the 
horizontal axis or the vertical axis of the printhead to the distance calculation part 430. The 
moving speed of the printhead may be constant or varied. If the moving speed of the printhead 
is constant, the constant moving speed is detected. However, if the moving speed of the 
printhead is varied, the moving speed obtained by integrating a varied speed in a predetermined 
section is detected. 

[0083] The distance calculation part 430 calculates a first actual distance by multiplying a 
time difference between the time when the sensed vertical reference line is detected and the 
time when the first sensed vertical comparison line is detected, by the detected moving speed 
on the horizontal axis and calculates a second actual distance by multiplying a time difference 
between the time when the sensed vertical reference line is detected and the time when the 
second sensed vertical comparison line is detected, by the detected moving speed on the 
horizontal axis, or calculates a third actual distance by multiplying a time difference between the 
time when the sensed horizontal reference line is detected and the time when the first sensed 
horizontal comparison line is detected, by the detected moving speed on the vertical axis and 
calculates a fourth actual distance by multiplying a time difference between the time when the 
sensed horizontal reference line is detected and the time when the second sensed horizontal 
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comparison line is detected, by the detected moving speed on the vertical axis and outputs a 
calculation result. 

[0084] For example, the distance calculation part 430 obtains a time difference T^ between 
the time t 2 when the vertical reference line input by the image sensed time detection part 410 is 
sensed and the time U when the first vertical comparison line is sensed, and calculates a first 
actual distance expressed as T<i x Vi by multiplying the obtained time difference Ti by a moving 
speed v 1 on the horizontal axis of the printhead input by the moving speed detection part 420. 
The distance calculation part 430 outputs the first calculated actual distance through an output 
terminal OUT6. In addition, the distance calculation part 430 obtains a time difference T 2 
between the time t 2 when the vertical reference line input by the image sensed time detection 
part 410 is sensed and the time t 3 when the second vertical comparison line is sensed, and 
calculates a second actual distance expressed as T 2 x by multiplying the obtained time 
difference T 2 by a moving speed Vt on the horizontal axis of the printhead input by the moving 
speed detection part 420. The distance calculation part 430 outputs the second calculated 
actual distance through the output terminal OUT6. In addition, the distance calculation part 430 
obtains a time difference T 3 between the time t 5 when the horizontal reference line input by the 
image sensed time detection part 410 is sensed and the time U when the first horizontal 
comparison line is sensed, and calculates a third actual distance expressed as T 3 x v 2 by 
multiplying the obtained time difference T 3 by a moving speed v 2 on the vertical axis of the 
printhead input by the moving speed detection part 420. The distance calculation part 430 
outputs the third calculated actual distance through the output terminal OUT6. In addition, the 
distance calculation part 430 obtains a time difference T 4 between the time t 5 when the 
horizontal reference line input by the image sensed time detection part 410 is sensed and the 
time te when the second horizontal comparison line is sensed, and calculates a fourth actual 
distance expressed as T 4 x v 2 by multiplying the obtained time difference T 4 by the moving 
speed v 2 on the vertical axis of the printhead input by the moving speed detection part 420. The 
distance calculation part 430 outputs the fourth calculated actual distance through the output 
terminal OUT6. 

[0085] The error detection portion 320 obtains first alignment errors on the horizontal axis by 
subtracting a first predetermined distance from the first actual distance and obtains second 
alignment errors on the horizontal axis by subtracting a second predetermined distance from the 
second actual distance, or obtains first alignment errors on the vertical axis by subtracting a 
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third predetermined distance from the third actual distance and obtains second alignment errors 
on the vertical axis by subtracting a fourth predetermined distance from the fourth actual 
distance and outputs obtained alignment errors. The error detection portion 320 stores 
information on the first predetermined distance, the second predetermined distance, the third 
predetermined distance, and the fourth predetermined distance in advance and uses the 
information when detecting the first alignment errors on the horizontal axis, the second 
alignment errors on the horizontal axis, the first alignment errors on the vertical axis, and the 
second alignment errors on the vertical axis. 

[0086] The error detection portion 320 obtains the first alignment errors on the horizontal axis 
by subtracting the first predetermined distance from the first actual distance, in response to the 
first actual distance input by the actual distance measurement unit 300. In addition, the error 
detection portion 320 obtains the second alignment errors on the horizontal axis by subtracting 
the second predetermined distance from the second actual distance, in response to the second 
actual distance input by the actual distance measurement unit 300 and outputs an obtained 
result to the control value calculation unit 160 through an output terminal OUT5. In addition, the 
error detection portion 320 obtains the first alignment errors on the vertical axis by subtracting 
the third predetermined distance from the third actual distance, in response to the third actual 
distance input by the actual distance measurement unit 300 and outputs an obtained result to 
the control value calculation unit 160 through the output terminal OUTS. In addition, the error 
detection portion 320 obtains the second alignment errors on the vertical axis by subtracting the 
fourth predetermined distance from the fourth actual distance, in response to the fourth actual 
distance input by the actual distance measurement unit 300 and outputs an obtained result to 
the control value calculation unit 160 through the output terminal OUT5. 

[0087] The control value calculation unit 160 calculates a predetermined control value for 
correcting alignment errors in response to the alignment errors input by the alignment error 
calculation unit 140 and outputs a calculation result through an output terminal OUT1. 

[0088] FIG. 17 is a block diagram illustrating the control value calculation unit 160 shown in 
FIG. 13, according to an embodiment of the present invention. Referring to FIG. 17, the control 
value calculation unit 160A includes a straight line equation calculation portion 500 and a control 
value calculation portion 520. 
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[0089] The straight line equation calculation portion 500 obtains a first straight line equation 
in which a second control value and first alignment error on a horizontal axis are used as a first 
coordinate value (second control value, first alignment error on the horizontal axis) and a third 
control value and second alignment error on the horizontal axis are used as a second 
coordinate value (third control value, second alignment error on the horizontal axis), or obtains a 
second straight line equation in which a fifth control value and first alignment error on a vertical 
axis are used as a third coordinate value (fifth control value, first alignment error on the vertical 
axis) and a sixth control value and second alignment error on the vertical axis are used as a 
fourth coordinate value (sixth control value, second alignment error on the vertical axis), and 
outputs an obtained result of the straight line equations. 

[0090] For example, assuming that the second control value is x 1f the first alignment error on 
the horizontal axis is y 1f the third control value is x 2 and the second alignment error on the 
horizontal axis is y 2 , the first straight line equation can be obtained by Equation 5. In other 
words, the straight line equation calculation portion 500 receives y! corresponding to the first 
alignment error on the horizontal axis and y 2 corresponding to the second alignment error on the 
horizontal axis from the alignment error calculation unit 140 and obtains the first straight line 
equation shown in Equation 5, in which x^ corresponding to the second control value and y y 
corresponding to the first input alignment error on the horizontal axis are used as the first 
coordinate value (x^yO and x 2 corresponding to the third control value and y 2 corresponding to 
the second input alignment error on the horizontal axis are used as the second coordinate value 
(x 2 ,y 2 ), and outputs the first obtained straight line equation to the control value calculation 
portion 520. 

[0091] In addition, assuming that the fifth control value is x 3 , the first alignment error on the 
vertical axis is y 3 , the sixth control value is X4 and the second alignment error on the vertical axis 
is y 4 , the second straight line equation can be obtained by Equation 7. In other words, the 
straight line equation calculation portion 500 receives y 3 corresponding to the first alignment 
error on the vertical axis and y 4 corresponding to the second alignment error on the vertical axis 
from the alignment error calculation unit 140 and obtains the second straight line equation 
shown in Equation 7, in which x 3 corresponding to the fifth control value and y 3 corresponding to 
the first input alignment error on the vertical axis are used as the third coordinate value (x 3 ,y 3 ) 
and x 5 corresponding to the sixth control value and y 4 corresponding to the second input 
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alignment error on the vertical axis are used as the fourth coordinate value (x 5l y 4 ), and outputs 
the second obtained straight line equation to the control value calculation portion 520. 

[0092] The control value calculation portion 520 obtains a predetermined control value for 
correcting alignment errors on the horizontal axis from the first straight line equation, or obtains 
a predetermined control value for correcting alignment errors on the vertical axis from the 
second straight line equation, and outputs an obtained predetermined control value. 

[0093] For example, x corresponding to the predetermined control value in which '0' is used 
as y so that alignment errors on the horizontal axis do not occur from the above-described 
Equation 5, can be obtained by Equation 6. In other words, the control value calculation portion 
520 obtains x shown in Equation 6, when there are no alignment errors on the horizontal axis 
(y=0), from the first straight line equation and outputs x corresponding to the obtained 
predetermined control value through an output terminal OUT7. In addition, x corresponding to 
the predetermined control value when y=0 so that the alignment errors on the vertical axis do 
not occur from the above-described Equation 7, can be obtained by Equation 8. In other words, 
the control value calculation portion 520 obtains x shown in Equation 8, when there are no 
alignment errors on the vertical axis, from the second straight line equation and outputs x 
corresponding to the obtained predetermined control value through the output terminal OUT7. 

[0094] The output predetermined control value is a variable for correcting alignment errors on 
the horizontal axis or the vertical axis and is used to control ink ejection according to a variety of 
printing modes by adjusting a starting point of a printhead, an ink dropping time or selection of 
nozzles of the printhead. 

[0095] As described above, in the method of and apparatus for correcting image alignment 
errors according to the present invention, even though a user does not check the alignment of a 
plurality of test marks, as a premise for correcting image alignment with the naked eye, errors in 
image alignment can be conveniently measured using only three test marks, and a control value 
used to correct the measured alignment errors can be easily obtained, such that image 
alignment errors are automatically corrected. 

[0096] In addition, in the method of and apparatus for correcting image alignment errors 
according to the present invention, by using three test marks, alignment errors can be measured 
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even in a smaller area than the area occupied by a plurality of test marks, such that proper 
compensation of image alignment errors is performed at a local position. 

[0097] Although a few embodiments of the present invention have been shown and 
described, it would be appreciated by those skilled in the art that changes may be made in this 
embodiment without departing from the principles and spirit of the invention, the scope of which 
is defined in the claims and their equivalents. 
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